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MODULATOR BIAS CONTROL 

FIELD OF THE INVENTION 

This invention relates to the bias control of optical modu 
lators. 

BACKGROUND OF THE INVENTION 

One method for imposing an electrical signal onto an 
optical carrier is to use an external modulator. Examples of 
external modulators presently in use include Mach-Zehnder 
(MZ) and electro-absorption (EA) types. In most cases, 
pyroelectric, photorefractive and photoconductive e?fects in 
the device material of a modulator (often lithium niobate, or 
a semiconductor like GaAs, or an electro-optic polymer) can 
cause its output poWer-vs-input voltage characteristic (i.e., 
its transfer function) to change or “drift,” over time or 
temperature. The result of drift is that a speci?c DC bias 
voltage (or even 0 Volts) may, for example, yield a minimum 
point on the transfer function curve at one time, but yield a 
different point on the curve at a later time and/or at a 
different temperature. This situation is illustrated in FIG. 1 
for a digital application of a Mach-Zehnder type of external 
modulator in Which the same digital electrical input signal 
produces tWo very different optical output signals, depend 
ing on the location of the operating point on the modulator 
transfer function. 

There have been many attempts either to eliminate the 
drift problem through better modulator design or to circum 
vent it through the use of auxiliary circuits that maintain a 
?xed bias point. Since it appears that there has not been a 
commercially viable solution using the former approach, the 
use of bias controllers that implement the latter approach has 
become the standard method for dealing With the modulator 
drift problem. 
Many prior art methods for maintaining a speci?c bias 

point have assumed a Mach-Zehnder modulator. The modu 
lation transfer function of an MZ modulator is such that the 
intensity of light passing through it varies in a sinusoidal 
fashion to the applied voltage, as shoWn in FIG. 2. The 
magnitude of the control voltage change required to transi 
tion from a maximum (or minimum) to a minimum (or 
maximum) is generally stable; and is knoWn as the sWitching 
voltage (often designated as V“). It can be measured for each 
individual modulator and Will have a ?xed value. The four 
most commonly utiliZed DC operating bias points for the 
MZ modulator are knoWn (by their relationship to the output 
Intensity) as the maximum (‘Max’), minimum (‘Min’), or 
one of tWo half-Way points (‘Quad +’ and ‘Quad —’, depend 
ing on Whether the intensity is increasing or decreasing With 
increasing applied voltage). 

FIG. 3 shoWs a representative EA modulator transfer 
function. While the output optical intensity from interfero 
metric modulators like the MZ type vary periodically With 
voltage, the EA modulator transitions only once betWeen 
“on” (minimum optical absorption) and “o?‘” (maximum 
absorption) When the voltage is changed by a magnitude VS. 
Therefore there is no “Quad +” bias point for an EA 
modulator. 

The most common approach to measuring the operating 
bias point is to apply a small, loW-frequency signal to the 
modulator. Such a signal is referred to as a dither signal, 
because it dithers or perturbs the operating bias point. By 
measuring the optical modulation that results from applying 
these perturbationsiand knoWing the functional form of the 
modulator transfer functioniit is possible to determine the 
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2 
present operating bias point. For example, at the principal 
points on a modulator’s transfer function curveiie, the 
maximum, quadrature, and null pointsithe signal ampli 
tude at either the fundamental frequency (or frequencies) of 
a dither signal or second-order distortion products of this 
signal is minimized. 

FIG. 4 shoWs a prior art dither-based modulator bias 
controller. Along With a variable DC bias voltage, the 
controller applies a periodic, loW-frequency, small-ampli 
tude dither signal to the MZ modulator electrodes. A small 
fraction of the optical output of the modulator is diverted to 
a detector in the bias control circuit, and the output of this 
detector is routed through a ?lter. The ?lter rejects all 
frequencies other than the frequency of the dither signal 
required for controlling the desired bias point. The feedback 
circuitry continually adjusts the DC bias to the modulator to 
minimiZe the level of the signal that is passed through the 
?lter. 

These prior art methods for controlling the bias point on 
an optical modulator are believed to fail to effectively 
maintain an optimum bias point When a large modulation 
signal is applied to the modulator, as is the case in digital 
telecommunication applications. Unlike these prior art 
methods, embodiments according to the invention described 
in this application can obtain and maintain the correct bias 
point on a modulator’s transfer function curve When the 
modulation signal has a modulation depth on the order of 
100% (e.g., When the peak-to-peak voltage of a digital 
modulation signal is on the order of the modulator’s on-to 
olf sWitching voltage). 

SUMMARY OF THE INVENTION 

This invention relates to the bias control of optical modu 
lators, and several aspects of this invention are presented in 
this application. 

Bias controllers and bias control methods according to the 
invention may be advantageous in that they can alloW for 
straightforward implementations that maintain lock on a bias 
point When a large modulation signalion the order of 100% 
modulation depth (V x for an MZ or VS for an EA modula 
tor)iis applied to the modulator. This is particularly advan 
tageous in telecommunications systems because system 
designers can obtain the best bit error rate When the ampli 
tude of the modulation signal equals the sWitching voltage of 
the modulator. 

Systems according to the invention may also be advan 
tageous in that they alloW for control of these high-modu 
lation depth signals Without any dither signals, or With a 
dither signal that does not have any substantial impact on the 
spectral characteristics of the modulated output signal. 
These properties can ensure that the modulator bias process 
has minimum adverse consequences on the data signal being 
modulated. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a signal diagram illustrating the e?fect of 
modulator bias point drift in a prior art modulator Without 
automatic bias control; 

FIG. 2 is a plot shoWing an MZ modulator’s transfer 
function (solid curve) and its link output poWer vs. DC bias 
voltage at frequencies corresponding to the dither signal’s 
fundamental and second-order distortion products (dotted 
and dashed curves, respectively) assuming that a single 
frequency sine Wave dither is the only time-varying electri 
cal signal applied to the modulator input; 
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FIG. 3 is a plot showing an EA modulator’s transfer 
function (solid curve) and its link output power vs. DC bias 
voltage at frequencies corresponding to the dither signal’s 
fundamental and second-order distortion products (dotted 
and dashed curves, respectively) assuming that a single 
frequency sine wave dither is the only time-varying electri 
cal signal applied to the modulator input; 

FIG. 4 is a block diagram illustrating a prior art method 
of maintaining the quadrature bias point on an MZ modu 
lator’s transfer function by continuously adjusting its DC 
bias voltage to minimize the energy detected at frequencies 
that are second-order distortion products of the input dither 
frequency or frequencies added to the DC bias and applied 
to a modulator electrode; 

FIG. 5 is a block diagram illustrating a prior art method 
of maintaining the quadrature bias point on an MZ modu 
lator’s transfer function by continuously adjusting its DC 
bias voltage to minimize the energy detected at frequencies 
that are second-order distortion products of the input dither 
frequency or frequencies applied to the gain control port of 
its driver ampli?er; 

FIG. 6 is a block diagram of a ?rst embodiment of a 
modulator bias control system according to the invention; 

FIG. 7 is a ?owchart illustrating a series of control steps 
for use with the system of FIG. 6 to maintain either a 
positive or negative quadrature bias point, as selected by the 
user; 

FIG. 8 is a ?owchart illustrating a series of control steps 
for use with the system of FIG. 6 to maintain either a 
maximum or minimum point on the modulator transfer 
function curve, as selected by the user; 

FIG. 9 is a plot showing a link’s measured bit-error rate 
when the MZ modulator in the link was controlled using the 
method presented in connection with FIG. 6 under the 
quadrature bias routine presented in connection with FIG. 7, 
as the modulation depth of the input data signal was varied; 

FIG. 10 is a block diagram of a second embodiment of a 
modulation bias control system according to the invention; 

FIG. 11 is a block diagram of a third embodiment of a 
modulation bias control system according to the invention; 
and 

FIG. 12 is a block diagram of telecommunication inter 
face module according to the invention. 

DETAILED DESCRIPTION OF AN 
ILLUSTRATIVE EMBODIMENT 

Referring to FIG. 6, a modulation bias control system 20 
according to one aspect of the invention can include a bias 
controller 22 having an input operatively connected to one 
of the outputs of a single-mode ?ber tap coupler 24 at the 
output of a modulator 26. The bias controller has an output 
operatively connected to an adjustable direct current (DC) 
bias source 28. An output 30 of the bias source is operatively 
connected to a bias input of the modulator, which is also 
operatively connected to a data signal input 32 and an output 
of a source of optical energy 34, such as a laser. The second 
output of the coupler can be operatively connected via a 
communications channel, such as an optical ?ber 36, to a 
remote destination, such as a remote photodetector 38. 

The bias controller can include a photodetector 40 fol 
lowed by a low frequency energy detector 42 and an optional 
low-pass ?lter 44 (to provide information about the average 
optical power out of the modulator, which is useful in this 
illustrative embodiment). The low frequency energy detec 
tor can be a low frequency peak detector, and its output is 
operatively connected to a sample input of a microprocessor 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
46. The low-pass ?lter is also operatively connected to the 
output of the photodetector, and has an output operatively 
connected to a DC voltage input of the microprocessor. The 
microprocessor has an output operatively connected to an 
input of the adjustable bias source. 
The modulation bias control system advantageously uses 

the data signal itself as the basis for a measurement of the 
operating bias point. For example if the operator decides to 
stabiliZe on the quadrature bias point, then this is the bias 
point at which a given electrical data modulation signal 
produces the maximum modulated optical signal. Therefore 
a bias controller that seeks to adjust the modulator bias such 
that the maximum modulated optical signal is produced can 
maintain control of a highly desirable bias point. When 
seeking to stabiliZe on a null or maximum transmission point 
of a Mach-Zehnder modulator, one could still use the data 
signal as the measure of the operating bias point, but the 
feedback loop is of a minimum-seeking type. Using the data 
signal as the basis for determining the operating bias point, 
means there is no need for a dither signal. This can relieve 
a concern that system users may have that the dither can 
interfere with or distort the data signal. In a digital telecom 
munications application such interference or distortion 
could increase the bit-error rate, which is a highly undesir 
able consequence. 

Such a controller differs from prior art controllers in that 
it is a maximum seeking controller, as opposed to a mini 
mum seeking controller. It is important to point out that this 
feature of seeking the maximum is not restricted to Mach 
Zehnder modulators. One could track the maximum-swing 
operating point of an electro-absorption (EA) modulator, for 
example, which has a modulation transfer function much 
different from the sinusoidal transfer function of a Mach 
Zehnder modulator. 

An important and special class of modulation waveforms 
is digital data. It is an often overlooked fact that digital data 
waveformsieven ones with very high data rates (eg 10 
Gbps or 40 Gbps)4contain signi?cant spectral energy at 
frequencies 100-1000 times lower than the bit rate. For 
example, a 10 Gbps digital data stream can have spectral 
components below 100 MHZ (if the data is random or at least 
non-repeating within a span of 27 bits)-a factor if 100 lower 
than the data rate. 

Abene?cial insight is that computing the characteristic on 
a portion of the frequency spectrum produces identical 
results to computing the characteristics on the entire spec 
trum. This realiZation means that in the preferred embodi 
ment an energy detector that has a frequency response (i.e. 
the characteristic of the modulation) that only extends to 300 
MHZ, may be suf?cient for stabiliZing the modulator’s bias 
point with 10 Gbit/s digital data. 

In operation, a portion of the modulated output from the 
modulator 26 is fed to a photodetector 40, which can be a 
low frequency photodetector. The method of accessing a 
portion of the modulator’s output can be via a component 
external to the modulator, such as the tap 24 shown in FIG. 
6. Alternatively, the detector 40 can be placed directly on the 
end of the modulator 26, thereby capturing some of the 
modulated light that is not coupled into the output ?ber. The 
output of the photodetector is ampli?ed and fed to the 
low-frequency energy detector 42, which measures the 
energy or power in the modulated signal. This detector is 
preferably a Root-Mean-Square (RMS) detector, but it could 
also be another type of energy detector, such as a square-law 
detector, a peak-to-peak detector, a peak detector, or an 
envelope detector. 
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The output of the energy detector is fed to a circuit or 
device that is capable of determining if the energy or peak 
has increased or decreased from the previous value and 
adjusting the modulator bias so as to maintain the maximum 
from the detector. This device is preferably a digital micro 
processor, although it may also be possible to implement the 
device With analog circuitry. An analog-to-digital (ADC) 
converter digitiZes the output of the energy or peak detector 
and a digital-to-analog converter (DAC) converts the micro 
processor output to produce a modulator DC bias voltage 
signal. When these components are combined With the 
appropriate coding of the microprocessor, a feedback loop is 
established that tracks the modulator bias point that pro 
duces the largest signal, if one is stabiliZing on a quadrature 
point (suitable for any type of modulator), or the smallest 
signal, if one is stabiliZing on a null or maximum transmis 
sion point (suitable for a Mach-Zehnder modulator). 

For a Mach-Zehnder type of electro-optic modulator, at 
the quadrature bias points the output of the energy detector 
is a maximum, and conversely at the maximum and mini 
mum points the output of the energy detector is a minimum. 
But there is no distinction betWeen the energy peaks at the 
positive- or negative-slope quadrature points, and similarly 
no distinction betWeen the energy nulls at the maximum or 
minimum. The system therefore requires some auxiliary 
information to distinguish these tWo cases. 

One Way of providing this information to the bias con 
troller is to require that the user perform measurements and 
input the information into the microprocessor. Another Way 
of obtaining this information Would be for a routine in the 
bias control process to sWeep through the full range of the 
transfer function, in the absence of a modulating signal, in 
very small increments and recording the measured optical 
poWer. This alloWs the subsequent bias point search algo 
rithm to specify a quadrature bias point on either the rising 
(+) or falling (—) slope of the transfer function curve (or 
specify either a maximum or minimum point on the transfer 
function curve). The DC bias voltage sWeep also alloWs 
determination of an MZ modulator’s V“ (the absolute value 
of the difference betWeen the voltage at Which the optical 
poWer is maximum and the voltage at Which it is minimum), 
Which is an important parameter in an MZ modulator. 

Rather than continually perturbing the bias voltage to 
maintain a point at Which the energy detector’s output is 
maximum (for quadrature operation, or minimum for opera 
tion at the maximum or minimum points on the transfer 
function), in the preferred embodiment the energy is mea 
sured continually and the bias voltage is incremented or 
decremented only When the energy has changed from a 
previously measured value by more than a certain percent 
age. An appropriate magnitude of this voltage increment or 
decrement can only be set after the modulator’ s V“ is knoWn 
(at least to Within some range). 
The steps performed to locate and maintain a quadrature 

bias point are shoWn in FIG. 7. After the DC bias voltage has 
been sWept through its full range in the absence of a 
modulating signal as outlined above, the bias voltages 
corresponding to a maximum and an adjacent minimum on 
the transfer function curve are noted. The absolute value of 
the difference betWeen these tWo voltages is equal to the 
modulator’s V“, the sign of this difference determines the 
slope of the transfer function, and the halfWay point betWeen 
the tWo voltages is proximate to one of the quadrature bias 
points. Because the DC voltage Was sWept in discrete steps, 
there is a quantiZation error to both V“ and the quadrature 
bias voltage. The steps performed to locate and maintain a 
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6 
bias point corresponding to a maximum or minimum on an 
MZ modulator’s transfer function curve are shoWn in FIG. 
8. 
As has been discussed above, an important requirement of 

a bias controller is that it maintain the desired bias point 
While a large signal is applied to the modulator. FIG. 9 
shoWs the results of an experimental measurement of the 
bit-error rate of a link that included an MZ modulator 
maintained at a quadrature bias point using the method 
shoWn in FIGS. 6 and 7. The bias controller maintains a 
“lock” on a bias point as the peak-to-peak voltage amplitude 
of the modulation signal is varied from a depth of 50% to 
nearly 130% of the modulator’s V“. Comparing the mea 
sured data (points) to the solid curve that shoWs the best 
bit-error rate possible at the quadrature bias point as a 
function of signal modulation depth, it is evident that the 
“locked” bias point must be very near to the quadrature bias 
point. TWo phenomena limit the extent to Which theory and 
experiment can be effectively compared in this case: 1) for 
signal amplitudes betWeen ~75% and 100% of V“, the 
measured bit-error rate Was beloW the minimum bit-error 
rate that could be measured (i.e., l0_14), and; 2) for signal 
amplitudes >l00% it is very dif?cult to predict the best 
theoretical bit-error rate one can achieve, because in addition 
to a decreased one-to-Zero ratio the “overshoot” results in 
distortion of the rising and falling edges in the bitstream (as 
opposed to signal amplitudes <l00% of V“ an Whose 
“undershoot” merely results in decreased one-to-Zero ratio 

Another approach to modulation bias control Will noW be 
discussed. The photocurrent induced by the optical signal 
illuminating the detector in the prior art modulator bias 
controller circuitry shoWn in FIG. 4 is: 

. SDPOW (1) 
1D : — [1 + 00805)], 

Where S D is the photodetector’s responsivity, Pam is the 
optical poWer illuminating the detector When the modulator 
is biased at a peak point on its transfer function curve, and 
q) is the phase difference betWeen the optical signals in the 
tWo arms of the MZ modulator. 
Assume that there is no data modulation signal applied to 

the modulator. In this case 0 is the sum of only tWo phase 
dilferences4one due to the applied electrical DC bias 

(2) 

and one due to an applied small-amplitude electrical dither 
signal (in this example, a simple sinusoidal dither at a single 
frequency and) 

(3) 

Substituting Equations (2) and (3) for 0 in Equation (1), 
expanding out the cos(a+b) and using the small angle 
approximations for sin(x)~x and cos(x)~l—x2/2, it is appar 
ent that the fundamental and second harmonic of the dither 
depend upon the DC bias, (1)5, as folloWs: 
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Equation (4) con?rms that a dither-based controller, With 
negligible data modulation signal, Will lock on to the bias 
point that minimizes the amplitude of the dither’s funda 
mental, and, When ¢Bz0:n><l80°, Which corresponds to a null 
or a peak, as shoWn in FIG. 2, because sin((|)B):sin(0°):0. 
Equation (5) con?rms that prior art bias controllers Which 
use feedback circuits to minimize the amplitude of a 
detected second-order distortion product, 200d, of the dither 
frequency Will ?nd a quadrature bias point (i.e., ¢B:90°:n>< 
180°, Where n is an integer), since cos(q)B):cos(90°):0. 

HoWever a bias controller that Works only When there is 
no data modulation present is of no value in controlling the 
bias When a large modulation signal is applied to the 
modulatoriWhich is the case in digital telecommunication 
applications. Consequently, considerable effort has gone 
into attempts to ?nd a solution to this problem. 

By far the most common prior art solution that has been 
used commercially is shoWn in FIG. 5. This is basically the 
prior art bias controller of FIG. 4, but With the dither signal 
applied such that it varies the amplitude of the data signal 
emerging from a driver ampli?er. It can be shoWn that this 
approach does produce a detectable dither at the modulator 
output Which can in turn be used to close a bias control loop 
as before. 

The prior art bias controller of FIG. 5 appears to have at 
least three signi?cant disadvantages relative to the invention 
taught here. One is that it may require a more complexiand 
therefore more costlyimodulator driver ampli?er (i.e., one 
With an input for a signal that permits automatic gain 
control). Second, its dither frequency should be beloW the 
loWest-frequency component in the data spectrum. With 
larger bit patterns this can mean impractically loW dither 
frequency. And third, the dither can increase the bit-error 
rate, Which is clearly undesirable. HoWever, as the folloWing 
simple analysis shoWs, there is a solution to this problem 
that has apparently been overlooked despite the efforts of 
numerous researchers over the last 15 years. 

The effect of a large square-Wave digital signal applied to 
the modulator can also be explained mathematically as 
folloWs. Under square-Wave modulation With peak voltage 
Vpeak, an additional phase difference of :(pS appears in the 
cosine argument of Equation (1). Consequently instead of 
equations (4) and (5), the total detected energies at the dither 
fundamental and second harmonic frequencies are depen 
dent on the bias (1)5 as folloWs: 

The absolute value operations in these equations are 
meant to express the idea that the square-Wave modulation 
affects the bias point by either +¢S or -q>s at any given instant, 
and the bias controller circuit (Which has a bandWidth much 
less than the modulating square-Wave signal bandWidth) 
sees the sum of the effects of many +¢S and -q>s bias point 
shifts during one sampling of the detected energy at fre 
quencies 00d and 200d. 

Equations (6) and (7) shoW that to maintain quadrature 
bias operation in the presence of a large square-Wave signal 
(With exactly 100% modulation depthiie, (pfs'cVpeak/ 
Vain/2, or 90°) requires continually feeding back to the 
modulator a correction voltage that minimiZes the detected 
fundamental of the dither signal frequency (because sin 
90°:l and cos 90°:0). This surprising conclusion is at odds 
With the prior art approaches described above (and in FIG. 
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4) in Which the second harmonic of the dither signal is 
minimiZed to maintain quadrature Without a large signal 
present. 

This neW theory suggests that there is a simple modi? 
cation of the present controller that Will permit it to be used 
With large data signals. The modi?cation is shoWn in FIG. 
10, Which is similar to FIG. 4, except that the bias points 
corresponding to the sWitch settings have been interchanged. 
Thus perhaps the most poWerful aspect of the neW theory is 
that it permits extending the use of present controllers to the 
large signal case, With relatively simple steps, such as 
relabeling and/or reWiring them. 

Speci?cally, an alternative modulation bias control sys 
tem 50 according to one aspect of the invention can include 
a bias controller 52 having an input operatively connected to 
one of the outputs of a single-mode ?ber tap coupler 54 at 
the output of a modulator 56. The bias controller also has an 
output operatively connected to an adjustable DC bias 
source 58. An output of the bias source is operatively 
connected to a ?rst input of a summer 60, Which also has a 
second input operatively connected to an output of a dither 
generator 62. An output 64 of the adder is operatively 
connected to a bias input of the modulator, Which also has 
an input operatively connected to an ampli?ed data signal 
input 66 and an output of a source of optical energy 68, such 
as a laser. The second output of the coupler can be opera 
tively connected via a communications channel 70, such as 
an optical ?ber, to a remote destination 72, such as a remote 
photodetector. Alternatively, a photodetector 74 can be 
inserted directly onto the modulator 56, thereby eliminating 
the need for a separate tap 54. 

The bias controller can include the photodetector 74, 
folloWed by a ?rst ?lter 76, such as a bandpass ?lter at the 
fundamental of a dither frequency of the dither generator. 
Also folloWing the photodetector is a second ?lter 78, such 
as a bandpass ?lter at the second harmonic of the dither 
frequency. A single-pole double-throW (SPDT) sWitch 80 
has a ?rst of its input ports operatively connected to an 
output of the ?rst ?lter and a second of its input ports 
operatively connected to an output of the second ?lter. The 
sWitch is preferably labeled With indicia that indicate Which 
sWitch positions correspond to the different bias points. 
A DC output of a detector 82 can provide a signal 

proportional to the magnitude of the ?ltered signal and be 
operatively connected to the common output port of the 
sWitch, and has an output operatively connected to an input 
of an integrator 84. The integrator has an output operatively 
connected to the adjustable DC bias source. If only one bias 
point is required, the bias controller need only include the 
circuitry required for that bias point. 

This approach to modulator bias control is additive in 
nature, instead of being multiplicative like prior art tech 
niques that control in the presence of large modulation 
signals (such as, for instance, the prior art method shoWn in 
FIG. 5), yet it alloWs for high modulation depths. The 
modulator control can exhibit increased stability With 
increased modulation depth, and Work optimally When the 
modulation depth is 100%. This additive approach can be 
accomplished by adding, or subtracting some or all of the 
dither signal to the data signal or by injecting a positive or 
negative version of some or all of the tWo signals into 
different inputs of the modulator. The monitored signal that 
forms the basis for controlling the bias point can be an even 
order distortion product of the dither signal for a minimum 
or maximum operating point, or an odd order distortion 
product of the dither signal for a quadrature operating point. 
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Table 1 compares the ranges of modulation signal ampli 
tudes over Which three different bias control methods have 
been experimentally demonstrated to successfully “lock” on 
the quadrature bias point of an MZ modulator. The dither 
based method taught above, Wherein the fundamental of the 
dither Was minimized using the invention shoWn in FIG. 10, 
resulting in maintainance of a quadrature bias point When 
the peak-to-peak voltage amplitude of the modulating signal 
Was equal to the modulator’s V“. It is noted that this is in 
contrast to the prior art controller of FIG. 4, in Which a 
quadrature bias point could be maintained only When the 
peak-to-peak voltage amplitude of the modulating signal 
Was much less than the modulator’s V“. By comparison, the 
dither-free bias control method shoWn in FIG. 6 has been 
experimentally demonstrated to maintain a lock on the 
quadrature bias point even as the peak-to-peak voltage 
amplitude Was varied over a range of 0.5 V“ to 1.3 V“. 

TABLE 1 

Observed Range of Signal Amplitudes 
that Permit “Lock” at 

Modulator Bias Control Method Quadrature Bias Point 

Dither-Based Methods 

Minimizing Dither Vpk-pk = V,t 
Fundamental (FIG. 10) 
Minimizing Dither 2nd Vpk-pk << V,t 
Harmonic (Prior Art) 
Dither-Free Method (FIG. 6) 0.5 V,t é Vpk-pk 2 1.3 V,t 

Referring to FIG. 11, it is also possible to construct a bias 
controller that selects an individual frequency or set of 
frequencies Within the portion of the spectrum 100-1000 
times loWer than the bit rate to use as an “ersatz dither,” and 
then use a conventional feedback circuit to maintain the 
modulator’s bias point such that the amplitude of this ersatz 
dither frequency or set of frequencies is maximized or such 
that the amplitude of the second harmonics of these fre 
quencies is minimized. A system of this type 90 includes a 
controller 92 With a photodetector 94 having one output 
operatively connected to a ?rst input of a phase-locked lop 
96 that ?lters out a very narroW portion of the loW-frequency 
spectral components of the digital data signal to act as the 
ersatz dither, and a second output connected to the input of 
a loW-frequency detector 98. The loW-frequency detector 
also includes a second input operatively connected to an 
output of the phase-locked loop, and an output operatively 
connected to an input of an integrator 100. The integrator has 
an output operatively connected to a DC bias source 102. 

Referring to FIG. 12, modulation bias controllers accord 
ing to the invention can be used in netWork interface 
applications. A netWork interface 110, such as a line card, 
can include a multiplexer (MUX) 112 that has a number of 
data inputs 114A, 114B, . . . 114N received from a series of 

interface inputs 116A, 116B, . . . 116N (e.g., connector 

contacts). An output of the multiplexer is operatively con 
nected to a ?rst input of a summer 118, Which also has a 
second input that is operatively connected to an output of a 
dither generator 126. An output of the summer is operatively 
connected to an input of a modulator 120 that modulates a 
source of optical energy 122, such as a laser. Abias control 
circuit 124 receives part of the output of the modulator and 
makes adjustments to a bias input of the modulator through 
a third input of the summer. The modulator output is 
operatively connected to an optical output 128. The modu 
lator can be operatively connected to the optical output via 
a single-mode optical ?ber. The optical output can be 
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10 
implemented With an optical connector, such as an FC, SC, 
or EC-type connector. In one embodiment, the netWork 
interface is a modular line card, such as a VME line card. 
The dither signal is preferably a loW-frequency, loW 

amplitude, periodic signal. The dither signal should prefer 
ably have a loWer frequency than any fully recoverable 
frequency component of the data. In one embodiment the 
dither signal is a 3 kHz sine Wave With a peak-to-peak 
amplitude that is less than about 25% of the peak-to-peak 
amplitude of the data input signal, but in optical communi 
cation applications, it may be appropriate to use a 50 kHz or 
even a 100 kHz signal. These are preferred characteristics, 
hoWever, and other types of dither signals may be appro 
priate in particular circumstances. 
The present invention has noW been described in connec 

tion With a number of speci?c embodiments thereof. HoW 
ever, numerous modi?cations Which are contemplated as 
falling Within the scope of the present invention should noW 
be apparent to those skilled in the art. It is therefore intended 
that the scope of the present invention be limited only by the 
scope of the claims appended hereto. In addition, the order 
of presentation of the claims should not be construed to limit 
the scope of any particular term in the claims. 

What is claimed is: 
1. Abias method for an optical modulator that is operative 

to modulate an optical carrier With a received data input 
signal to produce a modulated optical output signal, com 
prising the steps of: 

receiving the modulated optical output signal from the 
optical modulator, 

detecting from the modulated optical output signal 
received in the step of receiving a characteristic of the 
data input signal, and 

adjusting an electrical bias input signal provided to the 
modulator based primarily on the characteristic of the 
data input signal detected from the modulated optical 
output signal in the step of detecting. 

2. The method of claim 1 Wherein the step of adjusting 
maximizes a magnitude derived from the modulated optical 
output signal for a quadrature operating point. 

3. The method of claim 1 Wherein the step of adjusting 
minimizes a magnitude derived from the modulated optical 
output signal for a minimum or maximum operating point. 

4. The method of claim 1 Wherein the step of detecting is 
operative to detect magnitude Within a predetermined spec 
tral range. 

5. The method of claim 4 Wherein the step of detecting is 
operative to detect a magnitude of loW frequency compo 
nents in the modulated optical output signal that correspond 
to the data input signal. 

6. The method of claim 1 Wherein the step of detecting 
performs peak detection. 

7. The method of claim 1 Wherein the step of detecting 
performs peak-to-peak detection. 

8. The method of claim 1 Wherein the step of detecting 
performs RMS detection. 

9. The method of claim 1 Wherein the step of detecting 
performs envelope detection. 

10. The method of claim 1 Wherein the step of detecting 
performs square-laW detection. 

11. The method of claim 1 further including the steps of 
transmitting the modulated optical output signal through an 
optical medium, and demodulating the transmitted modu 
lated optical output signal to extract the data input signal. 

12. The method of claim 11 Wherein the step of receiving 
receives the modulated optical output signal in optical form. 
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13. The method of claim 1 wherein the step of detecting 
includes a step of ?ltering. 

14. The method of claim 13 Wherein the step of ?ltering 
includes a step of loW-pass ?ltering. 

15. The method of claim 1 Wherein the step of detecting 
includes locking onto the phase of a frequency component of 
the input data signal. 

16. The method of claim 1 Wherein the step of adjusting 
includes performing a series of processor instructions. 

17. The method of claim 1 Wherein the step of adjusting 
adjusts a voltage. 

18. The method of claim 1 Wherein the step of adjusting 
performs its adjustment to maximize the characteristic of the 
input data signal. 

19. The method of claim 1 Wherein the step of receiving 
receives the modulated optical output signal directly through 
an optical splitter. 

20. The method of claim 1 further including the step of 
applying an input standby signal to an input of the modulator 
in the absence of the data input signal, 

receiving the modulated optical output signal from the 
optical modulator in the absence of the data input 
signal, 

detecting in the absence of the data input signal and from 
the modulated optical output signal received in the step 
of receiving in the absence of the data input signal a 
characteristic of the received data input signal, and 

adjusting the electrical bias data input signal provided to 
the modulator based on the characteristic of the data 
input signal detected from the modulated optical output 
signal in the step of detecting in the absence of the data 
input signal. 

21. The method of claim 1 Wherein the step of receiving 
receives a characteristic of an input signal having a modu 
lation depth of on the order of at least 90%. 

22. A modulator bias controller for a modulator having a 
data input, a data output, and a bias input, comprising: 

a data signal detector responsive to the data output of the 
modulator and primarily operative to detect a charac 
teristic of a data input signal present at the data input 
from a data output signal at the data output, and 

a controller having an input responsive to an output of the 
data signal detector and an output, and Wherein the 
controller is operative to produce a control signal on the 
output that is dependent on a signal received from the 
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data signal detector through the input of the controller 
to provide a bias signal to the bias input of the modu 
lator. 

23. The apparatus of claim 22 Wherein the control output 
is a bias voltage output operative to provide a bias voltage 
to the bias input of the modulator. 

24. The apparatus of claim 22 Wherein the data signal 
detector includes a ?lter. 

25. The apparatus of claim 22 Wherein the data signal 
detector includes a loW-pass ?lter. 

26. The apparatus of claim 22 Wherein the data signal 
detector includes a phase-locked loop. 

27. The apparatus of claim 22 Wherein the controller 
includes a processor. 

28. The apparatus of claim 22 Wherein the controller has 
a maximizing transfer function that is operative to maximize 
the characteristic of the input data signal detected in the 
output data signal. 

29. The apparatus of claim 22 further including a sWeep 
generator having an output operatively connected to the 
input of the modulator. 

30. A modulator bias controller for a modulator having a 
data input, a data output, and a bias input, comprising: 
means for receiving a modulated optical output signal 

from the modulator, 
means responsive to the means for receiving for detecting 

from the modulated optical output signal received by 
the means for receiving a characteristic of a data input 
signal received at the data input, and 

means responsive to the means for detecting for adjusting 
an electrical bias input signal provided to the modulator 
based primarily on the characteristic of the data input 
signal detected from the modulated optical output sig 
nal by the means for detecting. 

31. The method of claim 1 Wherein the step of adjusting 
operates independently of any dither injected in the modu 
lator. 

32. The apparatus of claim 22 Wherein the controller 
operates independently of any dither injected in the modu 
lator. 

33. The apparatus of claim 30 Wherein the means for 
adjusting operates independently of any dither injected in 
the modulator. 


